Effects of salt on the thermal stability of human plasma high-density lipoprotein.
High-density lipoproteins (HDL) mediate cholesterol removal and thereby protect against atherosclerosis. Mature spherical HDL contain the apolar lipid core and polar surface of proteins and phospholipids. Earlier, we showed that the structural integrity of HDL is modulated by kinetic barriers that prevent spontaneous protein dissociation and lipoprotein fusion and rupture. To determine the role of electrostatic interactions in the kinetic stability of mature HDL, here we analyze the effects of salt and pH on their thermal denaturation. In low-salt buffer at pH 5.7-7.7, HDL are highly thermostable. Increasing the salt concentration from 0 to 0.3 M NaCl causes low-temperature shifts in the calorimetric HDL transitions of up to -14 degrees C. This salt-induced destabilization leads to protein unfolding below 100 degrees C, facilitating the first Arrhenius analysis of HDL denaturation by circular dichroism spectroscopy. In 150 mM NaCl, two kinetic phases in HDL protein unfolding are observed: a faster phase with an activation energy E(a,fast) < or =15 kcal/mol and a slower phase with an E(a,slow) = 50 +/- 7 kcal/mol. Gel electrophoresis and electron microscopic data suggest that the faster phase involves partial protein unfolding but no significant protein dissociation or changes in HDL size, while the slower phase involves complete protein unfolding, partial protein dissociation, and HDL fusion. Hence, the slower phase may resemble HDL remodeling and fusion by plasma enzymes during metabolism. Analysis of the effects of various salts, sucrose, and pH suggests that HDL destabilization by salt results from ionic screening of favorable short-range electrostatic interactions such as salt bridges. Consequently, electrostatic interactions significantly contribute to the high thermostability of HDL in low-salt solutions.